In this study, novel peripherally ferulic acid tetra-substituted Zn(II) phthalocyanine was synthesized for the first time. The synthesized phthalocyanine was characterized by elemental analysis, infrared spectroscopy, UV-Vis spectrophotometry, 1 H-NMR spectroscopy, and MALDI-TOF MS techniques. The photophysical, photochemical and aggregation properties of this phthalocyanine were also investigated in DMSO and DMF solvents. The aggregation studies showed that the synthesized Zn(II) phthalocyanine does not aggregate in DMSO and DMF. Fluorescence quantum yield (ΦF: 0.23 in DMSO and 0.17 in DMF), singlet oxygen quantum yield (Φ∆:0.57 in DMSO and 0.45 in DMF) and photodegradation quantum yield (Φd:1.08x10 -5 in DMSO and 4.44x10 -5 in DMF) were also determined. These results show that the synthesized phthalocyanine has potential use in photodynamic therapy.
INTRODUCTION
In the recent years, phthalocyanines (Pcs) have been comprehensively studied by scientists due to their unique chemical, physical, optical and structural properties such as aromatic 18- conjugated electron systems, very versatile and stabile aromatic macrocyclic ring, strong and long-wavelength absorption, high thermal stability, chemical resistance, photoconductivity, and catalytic activity (1) (2) (3) . Because of these properties, Pcs have been used in many applications. For example, catalysis (4), liquid crystals (5), chemical sensors (6) , semiconductor materials (7), photovoltaics (8) , electrochemistry (9, 10), photodynamic therapy (PDT) (11) are important areas in which Pcs are used. In particular, metallo Pcs can absorb at high wavelength lights near the red region of light. With this feature, they are used in photodynamic therapy as photosensitizers suitable for cancer treatment studies (12).
Photodynamic therapy (PDT) is a process in which compounds called as photosensitizers absorb light in a specific wavelength, lower energy triplet into a high energy singlet and thus causing the destruction of the cancerous cells in the area where the photosensitizers are located (13). Pcs exhibit photosensitizer properties (14). Pcs containing diamagnetic metal ions (Zn, Ga, In, Si) are photoactive and are usually utilized in PDT due to their high efficiency of cytotoxic singlet oxygen photogeneration and long triplet lifetimes (15, 16). However, Pcs have disadvantage such as insolubility in common organic solvents. The use of Pcs is limited due to this disadvantage. Alkyl, alkoxy/alkylthio, sulfonyl, carboxyl and quaternized ammonium groups may be used in peripheral and non-peripheral positions to overcome this disadvantage (17-19). Especially, carboxylic acid groups are particularly useful to acquire solubility in common organic solvents and water (20) (21) (22) . There are many studies in the literature that include carboxylic acid groups to increase solubility and prevent aggregation (23).
For example, ZnPc bearing 16-carboxylic acid groups was reported by M. Liu et al. (2005) to diminish aggregation for utilize as a potential photosensitizer for PDT (24). M.-R. Ke et al. (2009) synthesized non-peripherally and peripherally tetra-substituted with carboxylic acid zinc(II) Pcs as photosensitizers (25) . Beta and alpha tetra-[4-oxy-3-methoxybenzoic acid]-substituted Zn(II), Co(II) and Cu(II) Pcs were reported by G. Özgül et al. (2015) for comparative electrochemistry studies (26) .
Herein, we reported synthesis and characterization of ferulic acid functionalized peripherally tetra-substituted Zn(II) phthalocyanine. Zinc(II) Pcs have a high singlet oxygen quantum yield and thus they were studied as photosensitizers for PDT. For this reason, we investigated the aggregation, photophysical and photochemical properties of the Zn(II) phthalocyanine synthesized here. Fluorescence quantum yield, singlet oxygen quantum yield and photodegradation quantum yield indicate that this compound is a potential photosensitizer in the PDT.
MATERIALS AND METHODS

Chemical and Reagents
Trans-ferulic acid (trans-4-hydroxy-3-methoxycinnamic acid), 4-nitrophthalonitrile, zinc (II) acetate, 1,3-diphenylisobenzofuran (DPBF), potassium carbonate (K2CO3), and 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) were purchased from Sigma-Aldrich and TCI chemical companies. All chemicals and solvents were acquired with high purity from commercial suppliers. All solvents were dried and stored over molecular sieves.
Equipments
Melting points of the substances were determined using an Electrothermal Gallenkamp device. The IR spectra were recorded using a Perkin Elmer spectrometer with ATR sampling accessory. The UV-Vis spectra were recorded on an Agilent 8453 UV/Vis spectrophotometer. Elemental analysis was carried out by a LECO CHNS 932 instrument. A Varian Unity Inova 500 MHz spectrometer was used for 1 H-NMR and 13 C-NMR spectra. MALDI-TOF mass spectrum was performed using a Bruker Microflex LT MALDI-TOF-MS. The LC-MS spectrum was obtained on a Shimadzu LCMS-8030 Plus. Fluorescence spectra were measured using a Varian Eclipse spectrofluorometer using 1 cm path length cuvettes at room temperature. In photochemical measurements, UV-Vis spectra were recorded on a Shimadzu UV-2001 UV-Vis spectrophotometer.
Photoirradiation studies were performed using a General Electric quartz line lamp (300 W). A 600 nm glass cut off filter (Schott) and a water filter were used to filter off ultraviolet and infrared radiations, respectively. An interference filter (Intor, 670 nm with a band width of 40 nm) was additionally placed in the light path before the sample. Light intensities were measured with a POWER MAX5100 (Molelectron detector incorporated) power meter.
Photophysical and Photochemical Parameters
Fluorescence quantum yield determination Fluorescence quantum yields (ΦF) were calculated by the comparative method (Eq. 1) (27, 28) using unsubstituted Zn(II) phthalocyanine as the reference. ΦF values of unsubstituted Zn(II) phthalocyanine are 0.20 in DMSO and is 0.17 in DMF (29, 30) .
Where F and FStd are the areas under the fluorescence emission curves of the sample (The synthesized phthalocyanine) and the standard, respectively. A and AStd are the respective absorbances of the sample and standard at the excitation wavelengths. n and nstd are the refractive indices of solvents used for the samples and standard, respectively.
Singlet oxygen quantum yield determination
Singlet oxygen quantum yield () determinations were carried out using the experimental setup described in the literature (22, 30, 31) with standard unsubstituted Zn(II) phthalocyanine (in DMSO and DMF) as the reference. Typically, a 2 mL portion of the zinc(II) phthalocyanine solution (C = 1.0 × 10 -5 M) that contained the singlet oxygen scavenger was irradiated in the Q-band region with the photoirradiation setup described in the literature.
The  values were determined in air using the relative method with DPBF as a singlet oxygen chemical scavenger in DMSO and DMF using Eq. R and RStd are the DPBF photobleaching rates in the presence of the respective sample zinc(II) phthalocyanine and standard Zn(II) phthalocyanine, respectively. Iabs and I abs std are the rates of light absorption by the sample zinc(II) phthalocyanine and standard unsubstituted zinc(II) phthalocyanine, respectively. To avoid chain reactions induced by DPBF in the presence of singlet oxygen (33) , the concentration of quenchers (DPBF) was lowered to ~3×10 -5 M.
Solutions of the photosensitizer containing DPBF were prepared in the dark and irradiated in the Qband region using the setup described in equipment part. DPBF degradation at 417 nm was monitored. Photodegradation quantum yield determination Photodegradation quantum yield (Φd) determinations were carried out using the experimental set-up described in the literature (34) (35) (36) . Photodegradation quantum yields of the sample (The synthesized phthalocyanine) were determined using Eq. 3.
Where C0 and Ct are the sample concentration before and after irradiation respectively. V is the reaction volume. NA is the Avogadro's constant. S is the irradiated cell area. t is the irradiation time and Iabs is the overlap integral of the radiation source light intensity and the absorption of the sample. A light intensity of 7.05×10 15 photons.s -1 .cm -2 was employed for Φd determinations.
Synthesis of Compounds Synthesis of (E)-3-(4-(3,4-dicyanophenoxy)-3-methoxyphenyl)acrylic acid (compound 1):
Firstly, trans-4-hydroxy-3-methoxycinnamic acid (ferulic acid) (2.89 mmol, 0.56 g) was dissolved in dry DMF (50 mL) and then 4-nitrophthalonitrile (2.89 mmol, 0.5 g) was added into the solution.
The solution was mixed for 15 min to obtain a homogenous mixture. Then, anhydrous K2CO3 (11.56 mmol, 1.59 g) was added into the solution during 2 hours. The system was heated during 72 hours under nitrogen atmosphere at 45-50 ˚C. The system was cooled to the room temperature at the end of the reaction and diluted HCl was added to set the pH to 2. The solid particles were obtained in one hour. The particles were filtered and then washed with water, n-hexane, and diethyl ether. After drying process, light brown particles were recrystallized in MeOH. 
Synthesis of (E)-3-(2,9,16,23-tetrakis-(4-oxy-3-methoxyphenyl)acrylic acid) phthalociyaninato zinc(II) (compound 2):
Compound 1 was dissolved in n-pentanol (3 mL). Anhydrous Zn(CH3COO)2 (0.156 mmol, 0.041 g) was added into the solution and the reaction tube was heated to 80 °C under nitrogen atmosphere. Five drops of DBU were added to the solution and kept at 150-160 °C for 24 hours. While the temperature was increasing, the color of solution changed from dark brown to dark green. Then, the solution was cooled to room temperature and diluted HCl was added to arrange of pH as 2-3. Green precipitates were filtered and washed with water, n-hexane, hot acetone, hot dichloromethane, hot acetonitrile, hot chloroform, hot ethyl acetate, and hot diethyl ether. The dried product was soluble in MeOH, EtOH, THF, DMSO and DMF. Yield: 0.064 g (30% .53-6.50 and 3.78 ppm were related with Ar-CH=C for one proton bonded aromatic ring, C=CH-COO for one proton and -OCH3 for three protons, respectively. The signal at 12.45 ppm was related with -OH group (22). 1 H-NMR spectrum supports the formation of compound 1 with total of 12 protons.
13 C-NMR analysis of compound 1 also supports the formation of proposed structure of this compound. The carbon peaks bonded with nitrile groups were determined at 116.65 and 116.39 ppm. The -OCH3 bonded carbon peak was also observed at around of 56.56 ppm.
13 C-NMR spectrum also demonstrates the formation of compound 1 with total of 18 peaks for the carbon atom.
The observed peak at 359.31 [M+K] + in the mass spectrum also confirms structure of compound 1. Finally, the results of experimental elemental analysis data are consistent with the theoretical data of compound 1 and are satisfactory for the formation of this compound.
Compound 2 was synthesized by cyclotetramerization of compound 1 in presence of Zn(OAc)2 and DBU in dry n-pentanol at 150-160 C (Scheme 1). Upon addition of diluted HCl to solution of the mixture until pH 2-3, carboxylic acid group bearing compound 2 were obtained. The obtained product was washed many times different solvents and was dried under vacuum. In the synthesis of tetra-substituted zinc(II) phthalocyanine, a mixture of four possible structural isomers occurs. These isomers can be explained by their molecular symmetry as Cs, C2v, C4h and D2h. Herein, the synthesized compound 2 is formed as isomer mixtures as expected. No attempt was made for separating the isomers of compound 2. The structure of compound 2 was verified by FT-IR, elemental analysis, UV-Vis, 1 H-NMR, and MALDI-TOF MS techniques. The results are consistent with the expected structure.
In the FT-IR spectrum of compound 2, the any peak was observed at around 2231 cm -1 supported formation of compound 2 by cyclotetramerization reaction. Besides, the peaks at around 1686 cm -1 and 2500-3300 cm -1 on the structure of compound 2 belong to the carboxyl group (-C=O) and carboxylic acid group, respectively. The peaks at 1259 cm -1 and 2930-2870 cm -1 are related with Ar-O-Ar ether and aliphatic -CH and -CH3 supporting the formation of compound 2.
The
1 H NMR spectrum of compound 2 exhibits quite broad signals when compared with that of starting compound 1 derivative. The OH protons were observed with a total of 4 protons at 12.30 ppm. The Pc ring protons were detected between 8.05 and 7.55 ppm integrating for a total of 12 protons. Aromatic functional group protons were observed with a total of 12 protons at 7.16 ppm. The protons with a total number of 8 at 7.45-7.39 and 6.52 ppm belong to Ar-CH=C-and -C=CH-COO-groups, respectively. Finally, the protons with a total number of 12 were observed at around 3.35 ppm as singlet for the -O-CH3 groups.
UV-Vis spectrophotometry plays an important role to clarify the structure of metallo-Pcs. Pcs are colored substances and give specific absorption peaks in the visible and ultraviolet regions. Pcs show typical UV-Vis spectra with two characteristic absorption bands, one in the UV region at about 300-400 nm is the B band and the other one in the visible region at 600-700 nm is the Q band, both are based on -* transitions (37) . The Q band is also a characteristic peak for differentiating metallo and metal-free Pcs. While the metal-free Pcs give two equal bands at 600-700 nm, the metallo Pcs give a single band. UVVis spectra of compound 2 were recorded in THF, DMF, and DMSO solvents and can be seen in Figure 1 . These spectra show monomeric behavior evidenced by a single (narrow) Q band (at around 678-682 nm) in THF, DMF, and DMSO. The Q band and its shoulder of compound 2 were determined as a single band at 682 and 614 nm in DMSO, 680 and 611 in DMF, and 678 and 609 nm in THF, respectively and B band of compound 2 was also observed at 349 nm in DMSO, 352 nm in DMF, and 348 in THF, respectively supported the formation of compound 2. The obtained compound 2 exhibits a single Q band, indicating that it contains the metal ion in the macrocyclic cavity.
Scheme 1:
General synthesis procedure of compounds 1 and 2. 
Aggregation properties of compound 2
The aggregation properties of Pcs have been known since the discovery of these substances (38, 39) . Generally, aggregation is a common association of molecules in solution, which is the overlaying of two or more macro-ring structures due to intermolecular attraction forces. A coplanar relation of macrocyclic rings and progresses through the assembly of monomers to dimers and higher-order aggregates are effective on aggregation behavior. With aggregation, the structure of compound can change from monomer to dimeric, trimeric, or oligomeric structure. The structure of the Pcs (neutral, metal, cationic, etc.), size, position of the substituent group, substituents in the peripheral position, solvent and temperature are very effective on aggregation. In the case of Pcs aggregation, the interactions between the electronic molecules change the physical and chemical properties. Aggregation is the most important factor affecting the photochemical and photophysical behavior of Pcs. The resolution of Pcs is reduced due to aggregation and this is an unwanted situation in applications such as PDT (40, 41) . In particularly, in water and other polar solvents, the macrocyclic Pc becomes an aggregate due to its hydrophobic nature. For this reason, DMSO and DMF solvents which are dipolar aprotic solvents, have similar physical properties and which do not cause aggregation have been chosen. Water, DMSO and DMF are used in many similar applications. Aggregation not only leads to a decrease in solubility, but also decreases the quantum efficiency of fluorescence and singlet oxygen. This means that the sensitivity to light for Pc is reduced (42) . To reduce these limiting factors and maintain effective photoactivity, Pc may be substituted with various ligands, such as carboxylic acid groups at the peripherally position (24). In this study, the purpose of the aggregation assay is to examine whether compound 2 conforms to the Lambert-Beer law in DMSO and DMF solvents at specific concentrations and to determine if they have undergone aggregation. To make these measurements, the solutions of compound 2 in DMSO and DMF were separately prepared. The UV-vis spectra for compound 2 were examined in both DMSO and DMF under different concentrations ranging from 12x10 −6 M to 2x10 −6 M. UV-Vis spectra in Figures 3 and 4 show the aggregation behavior of compound 2 in DMSO and DMF, respectively. At the end of this investigation, it was found that the compound 2 conformed to the Lambert-Beer law and there was no aggregation in DMF and DMSO. When Figures 3 and 4 are examined, it is seen that due to the increase in concentration, the Q-band rises but there are no new bands (normally blueshifted) due to aggregation. The linear variation in the absorbance of the Q band with increasing concentration confirms that there is no tendency to aggregation. 
Photophysical properties of compound 2
The fluorescence excitation, emission, and absorption spectra of compound 2 in DMSO and DMF are depicted in Figures 5 and 6 , respectively. Table 1 The photophysical properties such as fluorescence quantum yield of photosensitizers are highly significant parameters in PDT applications because of the imaging necessity of the photosensitizer in the human body. The fluorescence quantum yields (ΦF) for compound 2 in both DMSO and DMF are given in Table 2 . The ΦF values for compound 2 in both solvents are compatible with typical zinc(II) Pcs (29) and are found similar with ΦF values of unsubstituted standard zinc(II) phthalocyanine in DMSO and DMF (29) . These values reveal that the substitution groups of compound 2 are not have important effect on the fluorescence behavior. But the solvent may have little effect (45) . Therefore, the compound 2 has showed slightly higher ΦF values in DMSO (0.23) compared to DMF (0.17). 
Photochemical properties of compound 2
The photochemical properties include values such as singlet oxygen quantum yields and photodegradation quantum yields. Pcs act as photosensitizers in PDT of some cancers. The photosensitizer, which is activated by a certain light, is excited and molecular oxygen is converted into a reactive oxygen species such as singlet oxygen. This singlet oxygen helps to destroy the cancerous cells. Because singlet oxygen is highly reactive, it can normally damage healthy cells. But it is unstable, it exists very briefly and its effective area is short. Therefore, healthy cells can be minimally damaged (12). The calculation of the singlet oxygen quantum yield is important in PDT. In this study, for singlet oxygen quantum yield measurements; the solutions of compound 2 in both DMSO and DMF at 1x10 -5 M concentration were prepared and then 1,3-difenilisobenzofuran (DPBF) (quencher) which prepared at 3x10 -5 concentration was added into these solutions. The mixtures were exposed to light of 2.20x10 16 photon/(s.cm 2 ) intensity at a certain time and UV-Vis spectra of these mixture were separately taken. The change in absorption at 417 nm of the DPBF compound was investigated and singlet oxygen quantum yields were calculated using Eq. 2. The same procedure was made for std-ZnPc in DMSO and DMF for comparative purposes. Figures 7 and 8 show the UV-Vis spectral changes during the measurement of singlet oxygen quantum yield of the compound 2 in DMSO and DMF. The figures show that the concentration of DPBF decreases over time with light irradiation. The Q band intensity of compound 2 does not show a significant change as a result of exposure to light, indicating that the compound is not degraded during single oxygen measurements (Figures 7 and 8) . The calculated data are given in Table 2 . The results show that the calculated Φ∆ values in DMSO and DMF are slightly lower than the std-ZnPc (29) . Substituted groups in the peripheral locations may cause in a slightly lower Φ∆ value. It is known in the literature that Pcs containing substituted groups in peripheral positions reduce singlet oxygen generation (46) . Although compound 2 has slightly low ΦΔ, it has enough singlet oxygen generation as photosensitizers for PDT application area. The obtained values of singlet oxygen quantum yields for compound 2 in DMSO and DMF are typical for metal Pcs (47, 48) . When Pcs are exposed to light irradiation during measurement, they may be degraded. This process is an important parameter for the use of Pcs as photosensitizers. Photodegradation quantum yield (Φd) is durability of a molecule against light. Φd can be calculated by examining the change in the absorption spectrum of compound during the light irradiation. Photodegradation in Pcs is observed with a decrease in the Q band. The photodegradation quantum yields are calculated through Eq. 3 using the slopes of the calibration graphs generated at specific time intervals. In this study, the sensitivity of the compound to light was measured. For these measurements, firstly, the solutions of the compound 2 in both DMSO and DMF solvents were separately prepared and then the mixtures were exposed to light of 7.05x10 15 photon.s -1 .cm -2 intensity at a certain time and UV-Vis spectra of these mixtures were separately taken and the change in the Q band of compound 2 was investigated. Figure 9 for DMSO solution and Figure 10 for DMF solution show absorbance change during photodegradation quantum yield measurements of compound 2 showing the decreasing of the Q and B bands. As it can be seen from figures, there are no significant decrease in Q band of compound 2 in both solvents. The Φd values of compound 2 in DMSO and DMF were found the order of 10 -5 ( 
CONCLUSION
In summary, this study reports synthesis, characterization and photochemical and photophysical properties of ferulic acid substituted zinc(II) phthalocyanine for the first time. The synthesized phthalocyanine has solubility in many solvents such as THF, DMSO and DMF and it does not exhibit any aggregation in the mentioned solvents. Fluorescence quantum yield, singlet oxygen quantum yield and photodegradation quantum yield of this phthalocyanine were also determined in DMSO and DMF solvent to reveal their potential in PDT applications. This phthalocyanine gives good results as photosensitizers for PDT treatment. 
